Abstract. Due to the ability to print all types of characters and patterns on the surface of metal parts or components, pneumatic marking machine is widely used in machinery, automobile, aerospace and other fields. For reducing equipment wear and extending equipment life, reducing the printing time as well as printing distance are the key points. In this paper, path optimization objective function model is established which refers to the TSP model. And the genetic operations such as genetic coding, fitness function, selection operator, crossover operator and mutation operator are described. The simulation results show that the optimization of the pneumatic marking path by using genetic algorithm can significantly improve the marking efficiency.
Introduction
In modern industrial production, in order to identify products in a timely and accurate manner, the manufacturer often needs to mark signs or symbols on the products. Currently, the common marking methods are manual marking technology, two-dimensional code technology, RFID (Radio Frequently Identification) technology, laser marking technology and pneumatic marking technology. Pneumatic marking technology has the following characteristics: anti-interference ability, available in harsh environment; using gas as power source, low production costs, pollution-free [1, 2] ; and can be mainly used for metal parts in special requirements of the pipeline operating occasions. Traditional handmade industrial labels are provided with low printing efficiency, unsightly, poor stability, and high scrap rate [3] .
Considering of energy saving and efficiency, users want to not only print the characters in time but also minimize the running time of the marking machine to reduce the equipment wear and extend its lifetime. So the question is how to effectively sort the print order by using the minimum time and the shortest marking distance.
Generally, the marking track from the pneumatic marking machine is a close shape. When the origin of the marking is determined; the path optimization problem is equivalent to a traveling salesman problem (TSP). The genetic algorithm is an important method to solve the TSP problem. As a probabilistic optimization technique based on biological genetic and evolutionary mechanism, genetic algorithm is simple, general, robust, and it is more suitable for large-scale data processing [4] .It is technically, advanced and is practical, besides, very suitable to optimize of multi-parameters process [5, 6, 7] .In addition, it is particularly convenient to find the approximate optimal solution of the problem. The Pneumatic marking path planning is one of the combinatorial optimization problems [8] . With the increasing of problem scale, the search space of combination optimization also increases dramatically. Traditional algorithms for solving TSP problems are: exhaustive method, branch interface method, dynamic programming method and traditional mathematical programming method [9, 10] . However, these methods only apply to small-scale problems, and are difficult to solve the exact optimal solution. The current genetic algorithm is mainly used in the fields of the problems optimization [11] , image processing [12] , and communication engineering [13] . It has been successfully proved that the genetic algorithm can be applied to solve the problem of traveling salesman, backpack, packing and other problems with NP [14] .
According to the above analysis, this paper applies genetic algorithm based on the TSPmodel to optimize the pneumatic marking needle path.
Mathematical Model of Marking Path Optimization
Print path optimization plays a vital role in printing process, efficient path optimization algorithm can optimize print needle movement trajectory, improve processing efficiency [15] .
Assuming the speed of marking needle in x-axis direction is x v , and in the y-axis direction is y v . The process of marking needle switch from point ） ， （ As a stable gas pressure is provided, the marking needle sends the needle and retracts the needle take the same time 0 t each time. If the marking needle prints the points of the dot matrix geometry S takes a period of 0 T , which
t is a constant value, and 1 ... T is a constant value, which is determined by the time of marking a point required and the number of punctuation points.
After all the points in the matrix set S are printed, the marking needle will return to the reset position and then return to the initial position of the marking point. . The marking needle prints the above points from the initial position and finally returns to the initial position, requiring the design of the print trajectory route, so that the total print target function (time target, distance target) can achieve the minimum value, namely the track optimization.
According to Ref [8] , the concept of time distance is referred: the pneumatic marking machine can run at maximum speed in the x and y axis direction, so the marking time depends on the distance from the point to another point called the time distance. That can be summed up the marking needle moves the shortest distance, i.e.at the same speed, marking time spend the shortest. So the shortest time distance function mentioned below still represents the shortest distance model. Assuming the pneumatic marking programming origin is
, the shortest time distance function is shown in Eq.1 and Eq.2: 
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An example of the group calibration point in the system of pneumatic marking machine is shown in Fig.1 :
Assume the distance between the close two points in the coordinate system is 1 mm. the origin of the coordinates is (32, 20), and the lower left corner of the small square is determined as the coordinate point.
After inputting the characters, the character generator will generate the file according to the order of the input points, the coordinates of each point are shown in Table 1 :
Based on the traditional line scanning methods, the target time distance is 225mm to print all the "TPCO" characters. 
Trajectory Analysis of Marker Path based on Genetic Algorithm
When the genetic algorithm is used to optimize the multi-objective problem, the fitness function is used to distinguish the advantages and disadvantages of different individuals; the larger fitness function value [16] , the more chance of the next generation multiplies. The value of the fitness function should take a positive value and the value should be as large as possible. Therefore, the fitness function takes the reciprocal of the objective function, i.e.
Encoding usually includes binary coding, real number coding, symbol encoding, etc. This paper uses real coding, because the real number of coding is suitable for the global space search. In addition, the accuracy is higher than others. The difference between the real number coding and binary code is that the binary code is for genes or chromosomes, while the real number is encoded for the entire individual [4] .
The selection operator uses a fitness proportional method in which the selection probability of each individual is proportional to the value of its fitness. The mathematical model is described as following: the population size is n , where the individual is i , whose fitness value is i f , then the probability of i being selected is shown in Eq.3:
Probability si P reflects the proportion of individual fitness in the overall fitness of the whole group. The crossover operator randomly selects a pair of individuals from the new population and intersects randomly at a certain crossover probability. Firstly, randomly selects the intersection point, and then exchanges the partial genes of two individuals. The cross points are chosen between two different gene values of the loci, which can ensure that new individuals generate after crossing.
Mutation operator plays a dual role in the genetic algorithm. On the one hand, it provides and maintains the diversity in the population so that other operators can continue to work; on the other hand, it can also act as a search operator [17] .
Genetic algorithm parameter setting: population size is 1000, the crossover probability is 0.9, the mutation probability is 0.2. The termination condition is the maximum algebra of 600 generations or the difference between the average fitness value of the group and the optimal individual fitness is less than a small threshold. The Simulation results in Matlab using genetic algorithm are shown in 
The Introduction of Trajectory Optimization Using Minimum Spanning Tree Method
The method with minimum spanning tree used to trajectory optimization in Ref [18] is shown in Fig.4 : 
Comparison of the Marking Trajectory Results
The comparison results are shown in table 2. 
Comparison of algorithms
Value_(mm) The number of steps saves compared to traditional progressive printing _(%) Genetic algorithm 89 60.4 The minimum spanning tree method reported in [18] 111 50.7
Currently commercial printing 111 50.7
Conclusion
1) This paper compares the pneumatic marking machine printing to with the typical TSP traveling salesman problem, and establishes the mathematical model of path optimization in the shortest time distance.
2) Use genetic algorithm for simulation analysis to compare with the traditional marking method, the method of applying the minimum spanning tree proposed in [18] and the trip of commercial printing. The simulation results show that the time distance is 60.4% shorter than the traditional printing method, which is 19.8% shorter than the Ref [18] and the path of the current commercial marking equipment. Therefore, the mathematical model can obviously improve the processing efficiency.
